EXPLANATION
B ackground
Urban and mining activities have affected the Spokane River that flows out of Coeur d'Alene Lake from Idaho into Washington. This large river (more than 150 feet wide) flows through the city of Spokane to the 7 Mile bridge site and is impounded by three dams used to generate hydroelectric power. From Spokane, the river continues west and joins the Columbia River 63 miles downstream. Historical and current mining activities in the Coeur d'Alene River Basin in Idaho have contributed large quantities of metals to Coeur d'Alene Lake (Grosbois and others, 2001) . The USGS has documented elevated concentrations of cadmium, lead, and zinc entering the river from Coeur d'Alene Lake (Woods, 2000) . The WDOE has placed the Spokane River on its 303(d) impaired water list (Clean Water Act) for high concentrations of trace metals that violate Washington's waterquality criteria (Washington State Department of Ecology, accessed May 1, 2003 , at http://www.ecy.wa.gov/ programs/wq/303d/1998/1998_by_wrias.html . In addition, studies done by the WDOE (1995) and USGS (MacCoy, 2001 ) have identified elevated concentrations of PCBs in fish and sediments.
The USGS, in cooperation with WDOE, sampled six sites along the Spokane River during the summers of 1998 and 1999 to evaluate urban and mining impacts on aquatic organisms ( fig. 1 ). This study of the Spokane River was conducted as part of the NROK NAWQA Program to evaluate the status and trends in surface-and ground-water quality in parts of western Montana, northern Idaho, and eastern Washington (Tornes, 1997) .
Ecological indicators were evaluated to determine the effects of multiple stressors on aquatic organisms. The ecological data collected at these sites are outlined in the sampling matrix table (table 1) . The purpose of this study was to:
• Identify surface-water-quality and sedimentquality constituents of concern and determine whether those constituents were affecting aquatic organisms.
• Conduct a baseline aquatic community assessment at selected Spokane River sites.
• Compare aquatic community measures and metrics with those at least-impacted sites.
• Analyze contaminants in aquatic organisms and sediment and compare the results with established criteria.
Overview
A water-quality investigation of the Spokane River was completed during summer low-flow conditions in 1998 and 1999 as part of the USGS NAWQA Program, in cooperation with the WDOE. (Abbreviations used in this report are defined on the last page.)
Samples for analyses of water chemistry; bed sediment; aquatic communities (fish, macroinvertebrates, and algae); contaminants in tissue (fish and macroinvertebrates); and associated measures of habitat were collected at six sites downstream from Coeur d'Alene Lake between river miles 63 and 100. These data provided baseline information to evaluate the water-quality status of the Spokane River and can be used to determine the ecological risk to aquatic organisms from contaminants. Pine Creek H a n g m a n C re e k 
Periphyton
Samples of periphyton (algae attached to bottom substrate) were collected at all sites for analysis of CHLA ( fig. 2) . The concentration of CHLA in a sample indicates the level of nutrients in the river that are available to promote algal growth. Concentrations of CHLA between 100 and 150 milligrams per square meter (mg/m 2 ) have been suggested as an indicator of nuisance algal conditions (Welch and others, 1989; Watson and Gestring, 1996) .
The Spokane River did not appear to be waterquality limited as a result of excessive algal growth at sites sampled during this study; however, the downstream CHLA concentration approached the nuisance level. At the upstream sites in the Spokane River, CHLA concentrations were between 2 and 10 mg/m 2 , far below levels of nuisance algal growth. At the downstream site at the 7 Mile bridge, below sewage-treatment facilities and other industrial inputs, the CHLA concentration was 94 mg/m 2 , which is approaching the nuisance level. Periphyton (algae attached to bottom substrate) were collected from riffle areas using protocols described by Porter and others (1993) .
Macroinvertebrate Community
Macroinvertebrates were collected from riffle habitats for community assessment and analysis of metal concentrations in caddisflies ( fig. 3) . Even though the total abundance of macroinvertebrates collected in 1999 at the Spokane River sites was higher than at least-impacted sites (sites upstream from urban and mining impacts sampled as part of the NROK NAWQA) on the North Fork Coeur d'Alene River at Enaville and the St. Joe River near Calder (Maret and others, 2001) , the number of individual taxa (indicating biological diversity) was much lower. In fact, the number of mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera), referred to as EPT taxa, was 2 to 3 times lower at Spokane River sites than at least-impacted sites ( fig. 4 ). Stoneflies that are found at most least-impacted sites in Macroinvertebrates were sampled at all sites in the Spokane River using protocols described by Cuffney and others (1993) .
Idaho were absent from the Spokane River. On the basis of regional collections by Maret and others (2001) , the Spokane River should be able to support at least five taxa of stoneflies. Even though measures of substrate (bottom material such as gravel or cobbles) size and percent embeddedness (amount of fine substrate surrounding larger substrate) did not indicate habitat degradation and were very low (less than 10 percent) for riffle habitats at all sampling sites, the low numbers of EPT taxa in the Spokane River indicated impaired water quality.
Fish Community
Fish were collected at each site as indicated in table 1. The fish were weighed, measured, and examined for anomalies (such as deformities, eroded fins, lesions, and tumors) using protocols described by Meador and others (1993) . The fish species collected from the Spokane River are listed in table 2.
Salmonids will experience adverse health effects when exposed to temperatures outside their optimal range (U.S. Environmental Protection Agency, 2002) because they are coldblooded and their survival depends on external water temperatures. The Spokane River historically supported a strong native salmonid population (Youngs, 1996) . The State of Washington has classified the Spokane River as "excellent" between river miles 58 and 96 (below the 7 Mile bridge site to the Idaho/Washington State line), meaning that water quality in this reach must meet or exceed goals for all uses, including salmon migration, rearing, spawning, and harvesting. In an effort to meet these goals, a temperature criterion of 20 degrees Celsius has been set for protection of coldwater species in this reach of the river (Washington State Department of Ecology, 1997). Idaho's criterion for the protection of coldwater aquatic organisms is 22 degrees Celsius (Idaho Department of Environmental Quality, accessed January 28, 2003, at http://www2.state.id.us/ adm/adminrules/rules/idapa58/58index.htm) .
The upstream part of the Spokane River receives water from the surface of Coeur d'Alene Lake that is warmer than the river water. Coeur d'Alene Lake is a natural lake and outflow is controlled by Post Falls Dam. During the summer months, water temperature in the (table 2) .
Fish abundance was analyzed for individuals and species, and a population summary was calculated using 10 fish metrics (Mebane and others, 2003) that are useful for evaluating river conditions in the Pacific Northwest. The metrics are number of coldwater native species, number of cottid (sculpin) age classes ( fig. 6 ), percent sensitive native individuals, percent coldwater individuals, percent tolerant individuals, number of alien species, percent common carp individuals, number of salmonid age classes, catch per unit effort (fish per minute of electrofishing), and percent selected anomalies. Each metric is given a value and all are summed to provide an IBI score ranging from 0 to 100 for each site. According to Mebane and others (2003) , sites with IBI scores between 75 and 100 exhibit high biotic integrity with minimal disturbance and possess an abundant and diverse assemblage of native coldwater species. Sites with scores between 50 and 74 exhibit somewhat lower quality where alien species occur more frequently and the assemblage is dominated by coolwater, native spe- Figure 6 . Sculpin (a bottom-feeding native fish), which are especially sensitive to metals (Maret and MacCoy, 2002) , were found at only a few sites and in low numbers in the Spokane River.
cies. Sites with scores less than 50 indicate poor biotic integrity where coldwater and sensitive species are rare or absent, and where tolerant fish predominate. Sites with scores below 50 generally do not support a coldwater fishery. The Spokane River fish index scores indicate poor biotic integrity at all sites and sculpins were rare or absent. Index scores for the Spokane River, as well as those for least-impacted sites, are shown in figure 7.
Contaminants
Metals and organic contaminants have been measured at varying concentrations in water, sediment, and tissue of fish in the Spokane River. Elevated zinc has been measured in surface water between Post Falls and 7 Mile bridge at concentrations above the acute waterquality criteria of 35 micrograms per liter in water with a hardness value of 25 milligrams per liter (U.S. Environmental Protection Agency, 1987; Clark, 2003) . Low concentrations of pesticides and VOCs also have been measured in surface water at the 7 Mile bridge site (Craig Bowers, U.S. Geological Survey, written commun., 2002).
Historical mining in the Coeur d'Alene River Basin has caused increased metal concentrations downstream in the Spokane River water, sediment, and fish tissue (Kadlec, 2000; Grosbois and others, 2001; Box and Wallis, 2002) . Metals such as lead and zinc in streambed sediment can be harmful to aquatic organisms (Maret and others, in press) . The PEL at which lead exposure would cause frequent adverse effects to aquatic organisms is 91.3 milligrams per kilogram, or ppm dry weight (Washington State Department of Ecology, 2002) . The concentration of lead measured in 1998 in sediment smaller than 63 microns at Post Falls was 1,620 ppm dry weight, which exceeded the PEL. A lead concentration of 47.3 ppm measured in sediment at the 7 Mile bridge site that same year was below the PEL but still considered elevated. In 1998, the concentration of zinc in sediment at Post Falls (3,210 ppm) and 7 Mile bridge (319 ppm) exceeded the PEL of 315 ppm (Washington State Department of Ecology, 2002) .
Concentrations of lead and zinc in tissue of caddisflies (the main diet of many fish species) from the Spokane River were 5 times the average concentrations in tissue of caddisflies from least-impacted sites. The concentrations in caddisflies collected in the Spokane River in 1999 were 3 micrograms per gram for lead and 180 micrograms per gram for zinc (Maret and others, in press) (figs. 8 and 9).
Elevated concentrations of metals from mining and PCBs from industrial and urban sources have been measured in tissue of fish from the Spokane River over the past 10 years (Johnson and others, 1994; Johnson, 1999; Johnson, 2000; Kadlec, 2000; MacCoy, 2001; Maret and MacCoy, 2002) . Metal concentrations in whole fish were elevated compared with concentrations in fish measured during national surveys (Johnson and others, 1994) . figure 1 ; data for least-impacted sites are given in report by Maret and others, 2001 ; scores based on 10 fish metrics given in report by Mebane and others, 2003) Concentrations of lead and PCBs in fish tissue pose a threat to the public who eat fish caught between the Idaho/Washington State line and 7 Mile bridge site. PCBs in sportfish ranged from 70 to 1,610 micrograms per kilogram, or ppb (MacCoy, 2001) , during this study and exceeded the human consumption criterion of 5 ppb for edible fish tissue (U.S. Environmental Protection Agency, 1999). In response to these high concentrations of lead and PCBs in fish tissue, a fish advisory for sections of the Spokane River was issued by the Washington State Departments of Ecology and Health (1999) .
PCB concentrations in tissue of whole fish from the Spokane River near Post Falls (270 ppb) and Otis Orchards (500 ppb) ranked in the top 25 percent of concentrations in the 205 fish collected from streams in mixed land-use areas across the Nation but ranked far below the highest concentrations (in excess of 10,000 ppb) in tissue of fish from rivers in the Northeast (Lisa Nowell, U.S. Geological Survey, written commun., 2002, NAWQA data from 1991 and 1994 study units). figure 1 ; data for least-impacted sites are given in report by Maret and others, 2001) 
Conclusions

